Abstract. The RNG k-ε model and Euler model are used to simulate the internal flow field of the corrugated plate separator. By comparing the pressure drop and the interfacial distribution of oil and water at different opening ratios, we obtain the coalescence characteristics of corrugated plates. The results show that the corrugated plate pressure drop decrease with the increase of the opening ratio. The higher the opening ratio is, the slower change of pressure drop along the flow channel is. The interfacial area of oil and water decreases first and then slowly increases with the increase of opening ratio, and reaches the maximum after the corrugated plate with opening ratio of 0%, and gets the minimum after the corrugated plate with opening ratio of 10%, which means the best opening ratio is about 10%. The hole in the corrugated plate can eliminate the barrier of the corrugated plate to the oil phase and promote the floating rise of the oil phase which means the corrugated plate with holes has good separation effect.
Introduction
The earliest application of corrugated plate coalescence separator appeared in the US, and it has been widely concerned by industry researchers and engineering technicians since its birth [1] . Based on two separation methods of gravity settlement and coalescence, a large number of researchers have studied the corrugated plate by numerical simulation method [1] [2] [3] [4] . The flow in the corrugated plate is very complex and many research results show that the chaotic flow is very beneficial to the collision of droplets and improve the separation efficiency [5] . There are many factors affecting the internal flow, such as corrugated plate spacing, corrugated plate angle and plate peak height [6] . Different plate types, such as parallel plates. snake shaped plate and interlaced corrugated plate, will also affect the internal flow field and separation efficiency [2, 7] . Orifice plate corrugated structured packing has higher separation efficiency [8, 9] . The smaller the space of the plate is, the higher the separation efficiency is, but the pressure drop will increase with the decrease of plate spacing [10, 11] . The structural parameters of corrugated plate will not only affect the internal flow field, but also affect the distribution of dispersed phase inside it [12] . The corrugated plate material will also have a great influence on the separation efficiency which means that the application of the oil-bearing corrugated plate has a higher separation efficiency in the oil and water separation [13] [14] [15] [16] . However, there are few reports about the influence of corrugated plate opening ratio on the separation flow field and oil-water interfacial area.
Through the numerical simulation of the internal flow field and the oil-water interface in the corrugated plate separator, the influence of the opening ratio on the pressure drop and the oil-water interface is analyzed, which provides some reference for the structure design of the oil-water separator and the selection of the type of the corrugated plate structured packing.
Numerical Modeling

Geometric Model
The physical model of the corrugated plate separator is shown in Fig.1 . The corrugated plate segment consists of 12 layers of 350Y corrugated plate (350m2/m3), whose total length is 400 mm.
The placement of corrugated plates is shown in Fig.2 . A complete flow channel with 7 cycles in a corrugated plate structured packing is shown in Fig.3 . The wavelength of the corrugated plate is 16mm, and the hole position is at the angle of the corrugated plate. The channel between the two plates is divided into upper and lower flow channels by the interface of the two plate. 
Control Equations
Fluid phase is treated as a continuum by solving the Navier-Stokes equations.
Mass conservation equation: 
Turbulence
The traditional way of dividing the flow state is based on the circular pipe flow. For corrugated plate packing, it is generally considered that the Reynolds number 135 is the boundary between laminar flow and transitional flow in corrugated packing [17] . Therefore, the RNG k-ε turbulence model is used to close the turbulent equation. The equations for the turbulence kinetic energy k and the turbulence dissipation rate ε can be described by Eq. (5) and Eq.(6) respectively:
In the equation, Gk is the generation of turbulence kinetic energy due to mean velocity gradients, Gb is the generation of turbulence kinetic energy due to buoyancy, a k and a ε are the inverse effective Prandtl numbers for k and ε respectively, μ eff is the effective viscosity, C 1ε , C 2ε , C 3ε are turbulence model constants, R ε accounts for the effects of rapid strain and streamline curvature.
Multiphase Flow Model
The fluent software in a multiphase model is used to simulate the coalescence of oil and water separation. The multiphase models include volume of fluid (VOF), mixture, Euler and discrete phase model. VOF model is only used to solve the phase interface flow conditions problems. Technically speaking, the mixture and Euler model are both available for the condition, but only Euler model can fit the simulation of the surface modification and the coalescence plate structure. So Euler model is used for the condition.
Boundary Condition and Grid Independence Boundary Condition Settings
Velocity inflow boundary was set at the inlet.
All wall surfaces are set to non-slip wall conditions, and the standard wall function is adopted. Water phase and oil phase outlet are both set to free outflow boundary conditions.
Grid Independence
Three sets of different numbers of grids are established for the model, namely N1=17 million, N2=33.5 million and N3=41 million. As shown in Fig.4 , in the calculation results of pressure drop along the channel, the calculation accuracy of N2 is significantly better than that of N1. When the number of grids continues to increase to N3 million, the accuracy of computation has not changed significantly. The maximum relative error between grid number N2 and N3 is 7.12%, which is within the allowable range. Therefore, the number of N2 grids is used to calculate the model. 
Results and Discussion
The Influence of Opening Ratio on Pressure Drop
As shown in Fig.5 , when the opening ratio is 0%, the pressure drop along the ladder rises step by step, and the variation curve has 7 ladders. Meanwhile, 7 cycles are observed in a complete flow channel in Figure 3 , and the position of the ladder in the pressure drop curve corresponds to the location of each cycle in the flow channel. The reason of this phenomenon is that the plate corner in the flow channel disturbs the flow, affects the fluid flow and causes the increase of local pressure loss at the angle of the plate, thus the ladder shape in the pressure drop curve appears. It can be obtained from Fig.5 that the greater the opening ratio is, the slower the change of pressure drop along the flow channel is, which means that the high opening ratio can reduce the pressure loss inside the corrugated plate structured packing. And when the opening ratio is above 10%, the ladder change trend of pressure drop along the flow channel will disappear. The reason of this phenomenon is that the hole is located at the corner of plate, and the greater the opening ratio, the less the influence of the plate corner on the fluid flow, thus the severe change area of the pressure drop in the flow passage is eliminated, which means the flow is more stable and the pressure loss is reduced. Fig.6 is the effect of different opening ratio on pressure drop of corrugated plate section. It can be seen from Fig.6 that the pressure drop of the corrugated section decreases with the increase of the opening ratio, which indicates that the greater the opening ratio is, the lower the pressure drop of corrugated plate section is. This is because the holes in the corrugated plate are all located at the plate corner of the corrugated plate, and the existence of holes can weaken the effect of the plate corner on the pressure drop, making the loss of the pressure drop in the opening corrugated plate lower. Fig.7 shows the oil phase contours of the cross-section of corrugated plate section. It can be seen from Fig.7 that the oil volume fraction reaches maximum on the top of the corrugated plate with opening ratio of 0%. This shows that the corrugated plate has a positive effect on the accumulation of oil phase. At the same time, it can be found that the corrugated plates with opening ratio of 0% has an insulating effect on the oil phase, which hinders the further rise of the oil phase in the corrugated plate. In the corrugated section with opening ratio of 10%, the larger volume fraction of oil phase is at the top of the separator. The oil volume fraction increases from the bottom to the top of the separator. The reason of this phenomenon is that the holes provide channels for the cross layer floating of the oil phase, so that the oil phase at the bottom of the separator can continue to float up to the top through the holes. Therefore, the orifice plate corrugated packing not only has the same accumulation effect on the oil phase, but the holes can also act as the convenient channel for oil phase floating, eliminate the isolation effect of the corrugated plate and enhance the separation effect of oil and water two phase. Fig.8 is the oil volume fraction on the cross section of the separator at 10cm after corrugated plate section. The area in which the oil volume fraction ranges from 0% to 60% is set to be the oil-water phase interface. The size of the area can be quantitatively analyzed by the width of the two-phase interface. It can be obtained from Fig.8 that after the corrugated plate with opening ratio of 0%, the width of oil-water phase interface is about 4cm, and there is a higher oil volume fraction of oil phase at the bottom of the separator. The widths of the two phase interface after the corrugated plate with four opening ratios of 10-40% are 0.7cm, 0.9cm, 1.0cm, 1.2cm separately which are much smaller than that after corrugated plate with opening ratio of 0%. This means that holes on corrugated plates can effectively reduce the interfacial area of oil-water. It can be seen from Fig.8 that the oil volume fraction on the upper part of the separator decreases with the increase of opening ratio, which means the coalescence effect of corrugated plates on oil phase will be reduced when the opening ratio is larger than 10%. Considering the effect of corrugated plates on coalescence of oil phase, we find that as the opening ratio increases, the surface area of the corrugated plate is reduced, which is not conducive to the accumulation and growth of the oil droplets on the surface of the plate, and the volume fraction of the oil phase on the upper part of the separator shows a downward trend. Therefore, although the increase in opening ratio is beneficial to reducing the pressure drop of the corrugated plate section, considering the effect of oil and water separation and the rectifying of the corrugated plate, the opening ratio is not suitable to be too large. By comparison, the corrugated plate used for oil and water separation can obtain more effective separation when the opening ratio of the corrugated plate is around 10%. 
The Influence of Opening Ratio on Oil-water Two-phase Interface
Model Validation
The simulation results in this paper are compared with the simulation results in the literature [17] , in order to validate the reliability of the CFD simulation results. As shown in Fig.9 , the flow fields are similar, and the simulation results agree well with each other. But there are some differences between the two flow fields. The reason for this phenomenon is that only a structured packing unit is simulated in the literature without considering the interaction between packing elements. The interaction between packing elements is taken into account in this paper. Therefore, it is feasible to study the flow characteristics in corrugated plates through this model. 
Conclusions
The RNG k-ε model and Euler model are used to simulate the internal separation flow field in the corrugated plate with different opening ratio, to simulate the internal flow field in the corrugated plate and the concentration distribution of oil phase in the separator. As a result, this model can reflect the flow field in corrugated plate separator accurately.
Through the analysis of the pressure drop in the corrugated plate separator, the result shows that the pressure drop of the corrugated plate flow channel rises in a ladder shape, and the holes can weaken the influence of the plate corner to the pressure drop. The greater the opening ratio, the lower the pressure drop of the corrugated plate, and the slower variation of the pressure drop in the flow channel.
Through the analysis of the distribution range of oil-water phase interface, the result shows that the corrugated plate has the isolation effect on the oil phase, hinders the floating rise of the oil phase. The oil-water phase interface is wider after the corrugated plate with opening ratio of 0%, and obtains the least width after the corrugated plate with opening ratio of 10%, which realizes better separation efficiency.
